Massless conformal scalar field in six dimensions corresponds to the minimal unitary representation (minrep) of the conformal group SO(6, 2). This minrep admits a family of "deformations" labelled by the spin t of an SU (2) T group, which is the 6d analog of helicity in four dimensions. These deformations of the minrep of SO(6, 2) describe massless conformal fields that are symmetric tensors in the spinorial representation of the 6d Lorentz group. The minrep and its deformations were obtained by quantization of the nonlinear realization of SO(6, 2) as a quasiconformal group in arXiv:1005.3580. We give a novel reformulation of the generators of SO(6, 2) for these representations as bilinears of deformed twistorial oscillators which transform nonlinearly under the Lorentz group SO(5, 1) and apply them to define higher spin algebras and superalgebras in AdS 7 . The higher spin (HS) algebra of Fradkin-Vasiliev type in AdS 7 is simply the enveloping algebra of SO(6, 2) quotiented by a two-sided ideal (Joseph ideal) which annihilates the minrep. We show that the Joseph ideal vanishes identically for the quasiconformal realization of the minrep and its enveloping algebra leads directly to the HS algebra in AdS 7 . Furthermore, the enveloping algebras of the deformations of the minrep define a discrete infinite family of HS algebras in AdS 7 for which certain 6d Lorentz covariant deformations of the Joseph ideal vanish identically. These results extend to superconformal algebras OSp(8 * |2N ) and we find a discrete infinite family of HS superalgebras as enveloping algebras of the minimal unitary supermultiplet and its deformations. Our results suggest the existence of a discrete family of (supersymmetric) HS theories in AdS 7 which are dual to free (super)conformal field theories (CFTs) or to interacting but integrable (supersymmetric) CFTs in 6d.
1 Introduction
The minimal unitary representation (minrep) of the 4d conformal group SU (2, 2) describes a massless scalar field in four dimensions which admits a one-parameter family of deformations that describe massless fields of arbitrary helicity [1] . The minrep and its deformations were obtained by quantization of the nonlinear realization of the four dimensional conformal group SU (2, 2) as a quasiconformal group in a five dimensional space. Using the results of [1] in a previous work [2] we showed that the generators of SU (2, 2) for the minrep and its deformations can be written as bilinears of deformed twistorial oscillators which transform nonlinearly under the Lorentz group SL(2, C) and applied them to define and study higher spin algebras and superalgebras in AdS 5 whose isometry group is SU (2, 2) 1 . More specifically, the standard higher spin (HS) algebra of Fradkin-Vasiliev type in AdS 5 is simply the enveloping algebra of SU (2, 2) quotiented by a two-sided ideal (Joseph ideal) which annihilates the minrep. The Joseph ideal vanishes identically for the quasiconformal realization of the minrep and hence its enveloping algebra leads directly to the standard HS algebra in AdS 5 . The enveloping algebras of the deformed minreps define a one parameter family of HS algebras in AdS 5 for which certain 4d covariant deformations of the Joseph ideal vanish identically in their quasiconformal realizations. These results extend fully to the quasiconformal realizations of the superconformal algebras SU (2, 2|N ) with the even subgroup SU (2, 2) × U (N ) and one obtains a one parameter family of HS superalgebras as enveloping algebras of the minimal unitary representation and its deformations in their quasiconformal realizations. As we argued in [2] these results suggest the existence of a family of (supersymmetric) HS theories in AdS 5 which are dual to free (super)conformal field theories (CFTs) or to interacting but integrable (supersymmetric) CFTs in 4d. The corresponding picture for AdS 4 /CF T 3 higher spin algebras is much simpler since the minimal unitary representation of SO (3, 2) is the scalar singleton of Dirac and it admits a unique "deformation" which is the spinor singleton whose oscillator realizations involve only bilinears and hence the corresponding higher spin algebras are simply the enveloping algebras corresponding to free field realizations [3] . That the Fradkin-Vasiliev higher spin algebra in AdS 4 [4] corresponds simply to the enveloping algebra of the singletonic realization of Sp(4, R) was pointed out in [3] 2 . Again in [3] it was pointed out that the higher spin algebras in AdS 5 and AdS 7 and their supersymmetric extensions could be similarly constructed as enveloping algebras of the doubletonic realizations of the super algebras SU (2, 2|N ) and OSp(8 * |2N ). A purely bosonic higher spin algebra in AdS 7 was studied along these lines in [6] using the doubletonic realization of SO (6, 2) given in [7, 8] . Higher spin superalgebras in dimensions d > 3 were also studied by Vasiliev in [9] . However, his high spin superalgebras do not satisfy the usual spin and statistics connection in d > 3. Cubic interactions for simple mixed-symmetry fields in HS theories in higher dimensional AdS space times using Vasiliev's approach were investigated in [10, 11] . In a subsequent paper it was claimed that the purely bosonic HS theory in AdS 7 is unique under certain assumptions [12] . We refer to [2] and the reviews [13] [14] [15] [16] [17] [18] for additional references on higher spin theories.
In this paper we extend the results of [2] to six dimensions and define and study AdS 7 /CF T 6 higher spin algebras and superalgebras using the quasiconformal approach. Contrary to earlier claims in the literature we find a discrete infinite family of AdS 7 /CF T 6 higher spin algebras and their supersymmetric extensions for any number of super symmetries. These HS algebras are obtained as the enveloping algebras of the minimal unitary representation of SO(6, 2) and its discrete set of deformations quotiented by certain defor-mations of the Joseph ideal. This discrete infinite family of HS algebras admit supersymmetric extensions for arbitrary number of supersymmetries.
The plan of the paper is as follows: We start by reviewing the covariant twistorial (doubleton) construction in section 2.1 following [7, 8, 19] and its reformulation in terms of Lorentz covariant twistorial oscillators [8, 20] . Next in sections 2.2-2.4 we present a novel reformulation of the quasiconformal realization of the minimal unitary representation (minrep) of SO(6, 2) and its supersymmetric extensions and their deformations [21, 22] in terms of deformed twistors that transform nonlinearly under the 6d Lorentz group. In section 3 we review the Eastwood's formula for the generators J of the annihilator of the minrep (Joseph ideal) and show by explicit calculations that it vanishes identically as an operator for the quasiconformal realization of the minrep. Then in section 3.2 we use the 6d Lorentz covariant formulation of the Joseph ideal to identify the deformed generators J t that are the annihilators of the deformations of the minrep. These discrete deformations are labelled by the eigenvalues of an SU (2) G symmetry realized as bilinears of fermionic oscillators. Interestingly, the 6d analog of the Pauli-Lubansky vector does not vanish for the deformed minreps and becomes an (anti-)self-dual operator of rank three. Next we compare the generators of the Joseph ideal computed for doubleton realization and identify the analog of the deformation SU (2) G in the quasiconformal realization. For the doubleton realization the generators of the Joseph ideal do not vanish as operators. They annihilate only the subspace of the Fock space of the covariant oscillators corresponding to the minrep. In section 3.4 we define the AdS 7 /CF T 6 higher spin algebra and its deformations as the enveloping algebra of the minrep and its deformations in the quasiconformal framework, respectively. We also extend these results to corresponding higher spin superalgebras and conclude with a brief discussion in section 4.
2 Realizations of the 6d conformal algebra SO(6, 2) ∼ SO * (8) and its supersymmetric extension OSp(8 * |4) 2.1 Covariant twistorial oscillator construction of the massless representations (doubletons) of 6d conformal group SO (6, 2) In this subsection we shell review the construction of the positive energy unitary representations of SO(6, 2) that correspond to massless conformal fields in six dimensions following [7, 8, 19] . The Lie algebra of the conformal group SO(6, 2) in six dimensions is isomorphic to that of SO * (8) with the maximal compact subgroup U (4). Commutation relations of the generators M AB of SO(6, 2) in the canonical basis have the form
where η AB = diag(−, +, +, +, +, +, +, −) and A, B = 0, . . . , 7. Chiral spinor representation of SO(6, 2) can be written in terms in six-dimensional gamma matrices Γ µ that satisfy
where η µν = diag(−, +, +, +, +, +) and µ, ν = 0, . . . , 5 as follows 3 :
We adopt the conventions of [8] for gamma matrices:
Consider the bosonic oscillators c i , d j and their hermitian conjugates c i , d j respectively (i, j = 1, 2, 3, 4) that satisfy
and form a twistorial spinor operator Ψ and its Dirac conjugate Ψ = Ψ † Γ 0 as :
Then the bilinears M AB = ΨΣ AB Ψ provide a realization of the Lie algebra of SO(6, 2):
and the Fock space of the oscillators decompose into an infinite set of positive energy unitary irreducible representations of SO(6, 2) corresponding to massless conformal fields in six dimensions. The resulting representations for one pair (color) of oscillators were called doubletons of SO(6, 2) in [7, 8, 19] . The Lie algebra of the conformal group SO(6, 2) has a three-graded decomposition (referred to as compact three-grading) with respect to its maximal compact subalgebra
where the three-grading is determined by the conformal Hamiltonian E = 1 2 (P 0 + K 0 ). To construct positive energy unitary representations of SO * (8), one realizes the generators as 3 Opposite chirality spinor representation is obtained by taking Σµ7 := + 1 2 Γµ and Σ67 = + 1 2 γ7.
-4 -following billnears:
where i, j = 1, 2, 3, 4. M i j generate the maximal compact subgroup U (4). The conformal Hamiltonian is given by the trace M i i 9) where N B ≡ c i c i + d i d i is the bosonic number operator. We shall denote the eigenvalues of Q B as E. The hermitian linear combinations of A ij and A ij are the non-compact generators of SO(6, 2) [7, 8, 19] . Each lowest weight (positive energy) UIR is uniquely determined by a set of states transforming in the lowest energy irreducible representation |Ω of SU (4) × U (1) E that are annihilated by all the elements of L − [7, 19] . 4 The possible lowest weight vectors for one pair of oscillators (doubletons) in this compact basis have SU (4) Young tableaux with one row [19] , They are of the form |0 ,
plus those obtained by interchanging c-type oscillators with d-type oscillators and the state
(2.11)
The positive energy UIR's of SO * (8) can be identified with conformal fields in six dimensions transforming covariantly under the six-dimensional Lorentz group with definite conformal dimension. The Lorentz covariant spinorial oscillators are obtained from the SU (4) covariant oscillators by the action of an intertwining operator T = e π 2 M 06 . We will use Greek letters for the Lorentz group SO(5, 1) ∼ SU * (4) spinorial indices -α, β = 1, 2, 3, 4. Withour convention of gamma matrices, the Lorentz covariant spinorial oscillators λ i α , η αj are given by:
They satisfy the following commutation relations:
where i, j = 1, 2 (ǫ 12 = ǫ 21 = +1) and α, β = 1, 2, 3, 4 . One finds that [20] (
where Σ-matrices in d = 6 are the analogs of Pauli matrices σ µ in d = 4. The explicit form of Σ µ ,Σ µ is given in Appendix A. Note that the form of λ i α , η αj is slightly different from [8, 20] as we are in the mostly positive signature and also the form of intertwining operator is slightly different.
Similarly we can define Lorentz generators with spinor indices as follows:
In terms of spinors λ i α , η αj , they are given as follows:
The dilatation generator is given by:
The conformal algebra in terms of these generators is as follows:
The doubletons correspond to massless conformal fields in six dimensions that transform as symmetric tensors Ψ αβγ.... ≡ Ψ (αβγ...) in their spinor indices 2.2 Quasiconformal approach to minimal unitary representation of SO(6, 2)
The construction of the minimal unitary representation of the 6d conformal group SO(6, 2) by quantization of its quasiconformal action and its deformations were given in [21, 22] . In this section we will reformulate the generators of these representations in terms of deformed twistorial oscillators as was done for 4d conformal group SU (2, 2) in [2] The group SO(6, 2) ∼ SO * (8) can be realized as a quasiconformal group that leaves light-like separations with respect to a quartic distance function in nine dimensions invariant. The quantization of this geometric action leads to a nonlinear realization of the generators of SO(6, 2) in terms of a singlet coordinate x, its conjugate momentum p and four bosonic oscillators a m , a m and b m , b m , (m.n = 1, 2) satisfying [21] :
The semisimple component of the little group of massless particles in six dimensions is SO(4) which can be written as SU (2) S ×SU (2) A . Its normalizer inside SO(6, 2) is SO(2, 2) which also decomposes as SU (1, 1) K ×SU (1, 1) N . The generators of SU (2) S and of SU (2) A subgroups of SO * (8) are realized as bilinears of a and b type oscillators within the quasiconformal approach as follows:
where N a = a m a m and N b = b m b m are the respective number operators. They satisfy
In the previous section we followed conventions given in [8] for the 6d sigma matrices (Σ µ ,Σ µ ) within the covariant twistorial construction of doubletons. In order to make contact with the spinor-helicity formalism used in the amplitudes literature, we will follow the Clifford algebra conventions of [23] , summarized in Appendix B, for the minimal unitary representation and its deformations within the quasiconformal approach. To avoid confusion, we will denote these 6d sigma matrices asσ µ ,σ µ (µ, ν = 0, 1, . . .
5)
To express the momentum generators of SO(6, 2) of the minrep we shall introduce two sets of deformed twistors Z i α and Z i α (α, β = 1, 2, 3, 4, i, j = 1, 2) that transform nonlinearly under the Lorentz group (their commutation relations are given in Appendix D):
In terms of these deformed twistors the momentum generators can then be written as bilinears:
We should stress the fact that even though the above deformed twistors transform nonlinearly under the Lorentz group the bilinears P αβ transform covariantly as anti-symmetric tensors in spinorial indices. In order to realize the special conformal generators, we need another set of deformed twistors Y αi and Y αi (their commutation relations are given in Appendix D):
that transform nonlinearly under the Lorentz group. The special conformal generators can then be written as bilinears:
which transform covariantly under the Lorentz group. The Lorentz subgroup SO(5, 1) ∼ SU * (4) ∼ Sl(2, H) generators of the minrep of SO(6, 2) with spinorial indices take the form
which in terms of deformed twistorial oscillators Y, Z can be written as:
The dilatation generator ∆ takes the form:
The commutation relations of the generators of the minrep of the conformal algebra SO(6, 2) given above are as follows:
The algebra so(6, 2) can be given a 3-graded decomposition with respect to the conformal Hamiltonian, which is referred to as the compact 3-grading and the generators in this basis are reproduced in Appendix C following [21] .
Deformations of the minimal unitary representation of SO(6, 2)
It was shown in [21] that the minrep of SO * (8) that was studied in previous section is simply isomorphic to the scalar doubleton representation that describes a conformal massless scalar field in six dimensions. However we have seen in section 2.1 that SO * (8) admits infinitely many doubleton representations corresponding to massless conformal fields transforming as symmetric tensors in the spinorial indices. As in the case of 4d conformal group SU (2, 2), it was shown in [21] that there exists a discrete infinity of deformations to the minrep of SO(6, 2) labeled by the spin t of an SU (2) symmetry group which is the 6d analog of helicity in 4d. Allowing this spin t to take all possible values, one obtains a discretely infinite set of deformations of the minrep which are isomorphic to the doubleton representations. In this section we will show that the generators of these representations can be recast as bilinears of deformed twistorial operators as was done in the previous subsection for the true minrep that corresponds to t = 0.
Following [21] , let us introduce an arbitrary number P pairs of fermionic oscillators ρ x and χ x and their hermitian conjugates ρ x = (ρ x ) † and χ x = (χ x ) † , (x = 1, 2, . . . , P ) that satisfy the anti-commutation relations:
and refer to them as "deformation fermions ". The following bilinears of these fermionic oscillators
,where N ρ = ρ x ρ x and N χ = χ x χ x are the respective number operators, generate an su(2) G algebra:
The fermionic oscillators ρ x and χ x form a doublet of SU (2) G . We choose the Fock vacuum of these fermionic oscillators such that
for all x = 1, 2, . . . , P . The states of the form
with definite eigenvalue n ≤ P of the total number operator N T = N χ + N ρ transform irreducibly in the spin j = n/2 representation of SU (2) G 5 . Among the irreducible representations of SU (2) G in the Fock space of P pairs of deformation fermions the multiplicity of the highest spin ( j = P/2 ) representation is one. Now to deform the minimal unitary realization of so * (8), one extends the subalgebra su(2) S to the diagonal subalgebra su(2) T of su(2) S and su(2) G [21] . In other words, the generators of su(2) S receive contributions from the ρ-and χ-type fermionic oscillators as follows:
The quadratic Casimir of this subalgebra su(2) T is given by
In order to obtain the generators for the deformations of the minrep, all we need to do is replace S 0 , S ± by T 0 , T ± respectively in equations 2.28 -2.35 and equations 2.37 -2.44. We will denote the resulting deformed twistors as
The generators can then be written as:
The Casimir invariants for SO(6, 2) for the deformed minreps depend only on the quadratic Casimir of SU (2) G involving deformation fermions. For one set of fermions (P = 1) one finds:
which shows clearly that the deformations are driven by fermionic oscillators.
Minimal unitary supermultiplet of OSp(8 * |4) and its deformations
The construction of the minimal unitary representations of noncompact Lie algebras by quantization of their quasiconformal realizations extends to noncompact Lie superalgebras [1, 21, 22, 24] . In this section we will reformulate the minimal unitary realization of 6d superconformal algebra OSp(8 * |4) with the even subgroup SO * (8) × U Sp(4) given in [22] in terms of deformed twistors. Extension to general superalgebras OSp(8 * |2N ) is straightforward.
Consider the superconformal (non-compact) 5-graded decomposition of the Lie superalgebra osp(8 * |4) with respect to the dilatation generator ∆:
where the grade zero space consists of the Lorentz algebra so(5, 1) (M β α ), the dilatations (∆) and R-symmetry algebra usp(4) (U ab ), grade +1 and −1 spaces consist of translations (P αβ ) and special conformal transformations (K αβ ) respectively, and the +1/2 and -1/2 spaces consist of Poincaré supersymmetries (Q a α ) and conformal supersymmetries (S αa ) respectively.
We introduce fermionic oscillators ξ ai where a, b = 1, 2, 3, 4 are the U Sp(4) ∼ SO(5) indices which are raised and lowered by the antisymmetric symplectic metric Ω ab = 0 ½ 2 −½ 2 0 and i, j = 1, 2 are the SU (2) indices raised and lowered by ǫ ij (ǫ 12 = ǫ 21 = +1). These oscillators satisfy:
ξ ai , ξ bj = Ω ab ǫ ij (2.69) and they will be referred to as supersymmetry fermions. The following bilinears of these fermions
generate a su(2) F algebra:
To obtain the supersymmetric extensions of the deformations of the minrep of SO * (8), one extends the su(2) T subalgebra to su(2) T which is the diagonal subalgebra of su(2) T and su(2) F . The generators of su(2) T are then given by:
The generators of the even subgroup SO * (8) of the deformations of the minrep of OSp(8 * |4) are then obtained simply by replacing S 0 , S ± by T 0 , T ± respectively in equations 2.28 -2.35 and equations 2.37 -2.44. We will denote the resulting deformed twistors as
The generators of SO * (8) can then be written as bilinears of these deformed twistors:
The supersymmetry generators Q a α , S α a can similarly be realized simply as bilinears of ordinary fermionic oscillators and deformed twistors as follows 6 :
The supersymmetry generators satisfy
The R-symmetry group U Sp(4) ∼ SO(5) can realized as bilinears of fermionic oscillators as follows:
The commutators of SO * (8) generators with the supersymmetry generators are as follows:
The R-symmetry generators act on U Sp(4) indices of supersymmetry generators as follows:
The generators given above transform covariantly with respect to the subgroup SU * (4)× SO(1, 1) × U Sp (4) . Unitarity and positive energy nature of the resulting representations are made manifest by going to the compact three grading of OSp(8 * |4) with respect to the compact sub-superalgebra SU (4|2) × U (1) [21] .
3
AdS 7 /CF T 6 higher spin (super-)algebras, Joseph ideals and their deformations
As reviewed in [2] the standard AdS d /CF T (d−1) higher spin algebra of Fradkin-Vasiliev type is simply given by the quotient of the universal enveloping algebra of SO(d, 2) by a two-sided ideal [3, 14, 25, 26] . This two-sided ideal is the Joseph ideal that annihilates the minimal unitary representation. Denoting the higher spin algebra as HS(g) with g = so(d − 1, 2) and the universal enveloping algebra as U (g) we have
where J (g) denotes the Joseph ideal. The uniqueness of the Joseph ideal was proved in [26] and an explicit formula for the generators of this ideal for SO(n − 2, 2) was given as :
where the dot · denotes the symmetric product
M AB , M CD is the Killing form of SO(n − 2, 2) given by
where h = 2(n−2) n(4−n) chosen such that all possible contractions of J ABCD with the the metric vanish. The symbol ⊚ denotes the Cartan product of two generators [27] :
We shall refer to the operator J ABCD as the generator of the Joseph ideal which for SO(6, 2) takes the form:
The enveloping algebra U (g) of a Lie algebra g can be decomposed with respect to the adjoint action of g. By Poincare-Birkhoff-Witt theorem this is equivalent to computing symmetric products of the generators M AB ∼ of g . For so(6, 2) the symmetric product of the adjoint action decomposes as:
where the singlet • is the quadratic Casimir C 2 ∼ M A B M B A . It was pointed out in [14] that the higher spin algebra HS(g) must be a quotient of U (g) since the higher spin fields are described by traceless two row Young tableaux. Thus the relevant ideal should quotient out the all the diagrams except the first one in the above decomposition. The Joseph ideal as defined in 3.2 includes all the diagrams in the decomposition except the "window" diagram and thus by quotienting U (g) by the ideal generated by J ABCD defined in 3.2, we get rid of all the "unwanted" diagrams and obtain the Fradkin-Vasiliev type higher spin algebra HS(6, 2).
Joseph ideal for minimal unitary representation of SO(6, 2)
Since the Eastwood formula for Joseph ideal is in the canonical basis we define
which together with the Lorentz group generators M µν form the canonical basis M AB (A, B, .. = 0, 1, ...7) . Substituting the expressions for the generators M AB of SO(6, 2) for the minrep from the quasiconformal realization into the generator of Joseph ideal (equation 3.6) one findst that it vanishes identically as an operator. To get a better insight into the physical meaning of the vanishing of the Joseph ideal we write J ABCD in the Lorentz covariant conformal basis (K µ , M µν , ∆, P µ ).which is equivalent to certain quadratic identities. In addition to the conditions:
one finds the following identities:
Defining the generalized Pauli-Lubanski tensor and its conformal analogue in six dimensions as:
we find that they vanish identically for the minrep given above
Computing the products of the generators of the above minimal unitary realization corresponding to the Young tableaux and one finds that they vanish identically and the resulting enveloping algebra contains only the operators whose Young tableaux have two rows.
Deformations of the minimal unitary representation of SO(6,2) and the Joseph ideal
As we saw above the generator J ABCD of the Joseph ideal for SO * (8) vanishes identically as an operator for the minrep obtained by quasiconformal techniques. However when one substitutes the generators of the deformed minreps one finds that J ABCD does not vanish identically. However as we will show the generators of the deformed minreps satisfy certain quadratic identities which correspond to deformations of the Joseph ideal.
To exhibit the quadratic identities corresponding to deformations of the Josep ideal we decompose the components of J ABCD ( A, B , .. = 0, 1, 2, ..., 7) in terms of Lorentz (SU * (4) ) covariant indices. We find that the totally antisymmetric tensors A µνρ and B µνρ ( µ, ν, .. = 0, 1, .., 5) defined in the previous section that vanished identically for the minrep do not vanish for the deformed minreps. Remarkably they become self-dual and anti-self-dual tensorial operators, respectively:
The identities (3.16) and (3.19) no longer hold separately but they combine and the following identity holds true for deformed generators:
The deformation of the identity (3.15) is as follows:
where G 2 is quadratic Casimir of su(2) G defined in equation 2.55 and involves only the deformation fermions. Note that the quadratic Casimir operator G 2 of su(2) G is related to the quadratic Casimir operator of the deformed minrep of SO * (8) as follows [21] :
The eigenvalues t(t + 1) (t = 0, 1/2, 1, 3/2, ... ) of G 2 label the deformations of the minrep of SO * (8) . This is to be contrasted with the deformations of the minrep of 4d conformal group SO(4, 2) which are labelled by a continuous parameter that enters the quadratic identities explicitly in the form of continuous helicity [2] . where B a (a = 1, 2, 3) is a generator of an SU (2) B algebra that commutes with SO * (8) .
Comparison with the covariant twistorial oscillator realization
In terms of the covariant twistorial oscillators the generators of SU (2) B are
with the quadratic Casimir
Acting on the subspace of the Fock space of covariant twistorial oscillators that is SU (2) B singlet the generator J ABCD vanishes. This subspace corresponds to the true minrep of SO * (8) and describes a conformal scalar field in six dimensions. In fact the authors of [6] studied a purely bosonic higher spin algebra in AdS 7 using the doubletonic realization of SO * (8). After imposing an infinite set of constraints, restricting to an SU (2) singlet sector and modding out by an infinite ideal containing all the traces they obtain an higher spin algebra. They also state that their results can not be extended to SU (2) non-singlet sectors.
The algebra su(2) B for the doubleton representations is the analog of su(2) G for the deformed minreps studied above. The Casimir operator B 2 of SU (2) B is related to the quadratic Casimir C 2 of the doubletonic realization of SO * (8) in terms of covariant twistorial oscillators :
which reflects the fact that su(2) B and so * (8) doubleton form a reductive dual pair inside sp (16, R) . However this is not the case with the deformed minreps since su(2) G does not commute with the generators of so * (8) deformed . Another critical difference is the fact that the possible eigenvalues b(b + 1) of SU (2) B span the entire set of irreps, i.e b = 0, 1/2, 1, 3/2, .... On the other hand, for a given number P pairs of deformation Fermions possible eigenvalues j(j + 1) of SU (2) G is j = 0, 1/2, 1, .., P/2 For the doubleton realization the quadratic identities satisfied by the generators satisfy formally the same identities as the deformed minrep given in the previous subsection with G 2 replaced by B 2 :
The Casimir invariants for SO (6, 2) in the doubleton representation are as follows:
3.4
AdS 7 /CF T 6 Higher spin algebras and superalgebras and their deformations
Following [2, 25] , we will use the following definition for the standart higher spin algebra in six dimensions:
HS(6, 2) = U (so(6, 2)) J (so(6, 2)) (3.34)
where U (SO(6, 2) ) is the universal enveloping algebra and J (so (6, 2) ) denotes the Joseph ideal of so (6, 2) . The Joseph ideal vanishes identically for the quasiconformal realization of the minrep. Therefore to construct HS(6, 2) one needs simply take the enveloping algebra of the minrep in the quasiconformal construction. Since the minrep of so(6, 2) admits deformations we define deformed AdS 7 /CF T 6 higher spin algebras HS(6, 2; t) as the enveloping algebras of so(6, 2) quotiented by the deformed Joseph ideal J t (so(6, 2)) HS(6, 2; t) = U (so(6, 2)) J t (so(6, 2)) (3.35)
For these deformed high spin algebras the corresponding deformed Joseph ideal vanishes identically as operator as we showed explicitly above for the conformal group in six dimensions. Deformed minreps describe massless conformal fields of higher spin labeled by the spin t of the SU (2) G subgroup which is the analogue of helicity in d = 4. We saw in section 2.3 that deformations of the minrep are driven by fermionic oscillators. For P pairs of deformation fermions the Fock space decomposes as the direct sum of the two spinor representations of SO(4P ) generated by all the bilinears of the oscillators. where R r is the symplectic traceless tensor of rank r of U Sp(2P ) and t is the spin of SU (2) G . The U Sp(2P ) invariant (singlet) subspace transforms in the spin t = P/2 representation of SU (2) G . Therefore restricting to this invariant subspace we get a deformed minrep corresponding to a 6d massless conformal field transforming as a totally symmetric tensor of rank P in the spinor indices with respect to the Lorentz group SU * (4). This way one can construct all conformally massless representations of SO(6, 2) as deformations of the minrep by choosing P = 0, 1, 2, .... The enveloping algebras of these deformed irreducible irreps define then a discrete infinity of higher spin algebras labelled by t = P/2. Equivalently one can simply subsitute (P + 1) × (P + 1) irreducible representation matrices for generators of SU (2) G in place of the bilinears of deformation fermions. The latter is useful for writing down the irreducible infinite higher spin algebra without reference to its action on a representation space. We shall define the 2N extended AdS 7 /CF T 6 higher spin superalgebra as the enveloping algebra of the minimal unitary realization of the super algebra OSp(8 * |2N ) obtained via the quasiconformal approach. For this algebra there are only 2N supersymmetry fermions and the minimal supermultiplet of OSp(8 * |2N ) consists of the following massless conformal fields:
where α, β, .. are the spinor indices of the 6d Lorentz group SU * (4) and A i denote the 
Discussion
One of our main results in this paper is the reformulation of the minimal unitary representation of SO * (8) and its deformations in terms of deformed twistors that transform nonlinearly under the Lorentz group in six dimensions. Their enveloping algebras lead to a discrete infinite family of AdS 7 /CF T 6 higher spin algebras labelled by the spin of an SU (2) symmetry for which certain deformations of the Joseph ideal vanish. Remarkably these deformations involve (anti-)self-duality of the 6d tensorial operator which is the analog of Pauli-Lubanski vector in four dimensions. These results carry to superalgebras OSp(8 * |2N ) and one finds a discrete infinity of AdS 7 /CF T 6 higher spin superalgebras. As we argued in our previous work [2] for AdS 5 /CF T 4 algebras our results suggest the existence of a family of (supersymmetric) higher spin theories in AdS 7 that are dual to free (super) CFT's or to interacting but integrable (supersymmetric) CFT's in six dimensions. This is suggested by the fact that, in contrast to AdS 4 /CF T 3 higher spin algebras the higher dimensional algebras are realized in terms of deformed twistors that transform nonlinearly and by the results of [28] on the precise mapping between the deformed minreps of D(2, 1; α) and the spectra of certain integrable supersymmetrical quantum mechanical models. Of particular interest are the higher spin superalgebras based on OSp(8 * |4) and OSp(8 * |8) whose minimal unitary supermultiplets reduce to N = 4 Yang-Mills supermultiplet and N = 8 supergravity multiplet under dimensional reduction to four dimensions [20] . The minimal unitary supermultiplet of OSp(8 * |4) is the 6d (2,0) conformal tensor multiplet [7, 19] whose interacting theory is believed to be dual to M-theory over AdS 7 × S 4 [29] . Whether there exists a limit of this interacting theory that is dual to a higher spin theory in AdS 7 is an interesting open problem. On the other hand it is not known if there exists an interacting non-metric (4, 0) supergravity theory based on the minimal unitary supermultiplet of OSp(8 * |8) [20, 30] .
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Appendices A Clifford algebra conventions for doubleton realization
In this appendix, we will give the 6d analogs of σ µ matrices (in mostly positive metric) used in section 2.1 as defined in [19] for the doubleton representations of SO * (8). Pauli matrices
Their 6d counterparts are defined as [19] 
with the convention that the six dimensional Σ µ have lower spinorial indices while theΣ µ have upper spinorial indices.
B Clifford algebra conventions for deformed twistors
In order to make contact with the spinor helicity literature in 6d, we will use the mostly positive metric and follow the conventions of [23] for 6d analogs of Pauli matrices in the formulation of deformed minreps in terms of deformed twistors. We use a hat over the 6d sigma matrices in order to avoid confusion with the standard Pauli matrices.
They satisfy :σ µσν +σ νσµ = −2η µν .
(B.2)
Again we adopt the convention that the six dimensionalσ µ have lower spinorial indices while theσ µ have upper spinorial indices. With these conventions, we define:
C The quasiconformal realization of the minimal unitary representation of SO(6, 2) in compact 3-grading
In this appendix we provide the formulas for the quasiconformal realization of generators of SO(6, 2) and their deformations in compact 3-grading following [21] . We shall give the formulas with the deformation fermions included. The generators for the true minrep can be obtained simply by setting the deformation fermions to zero. Consider the compact three graded decomposition of the Lie algebra of SO * (8) determined by the conformal Hamiltonian H
where C 0 = su(4) ⊕ u(1). We shall label the generators in C ± and C 0 as follows:
where m, n, .. = 1, 2. The generators of su(4) algebra in C 0 subspace has a 3-graded decomposition with respect to its su(2) T ⊕ su(2) A ⊕ u(1) J subalgebra where the U (1) J generator J determines the 3-grading of su(4). The generators for su(2) T were given in equation 2.58 (for the true minrep without deformation fermions su(2) T reduces simply to su(2) S whose generators were given in equation 2.24) and those of su(2) A are as follows:
and they satisfy:
The generators D m .E m , D m , E m belonging to the coset SU (4)/SU (2) × SU (2) × U (1) are realized as bilinears of the oscillators a m , b m and the following "singular" oscillators :
where L ± = 2 T 0 ± T − − In general for two singular oscillators defined in terms of operators L 1 and L 2 that commute with the singlet coordinate x but not with each other we have we have
The commutation relations (C.9) lead to the commuta-tion relations for A L ± and A K ± as follows:
The generator that determines the compact 3-grading of SO * (8) is given as follows:
and
are simply the Hamiltonians of standard bosonic oscillators of a-and b-type (N a = a 1 a 1 + a 2 a 2 , N b = b 1 b 1 + b 2 b 2 ). This u(1) generator is the AdS energy or the conformal Hamiltonian when SO * (8) ≃ SO(6, 2) is taken as the seven dimensional AdS group or the six dimensional conformal group, respectively. The generator that determines the 3-grading of su(4) is as follows:
The SU (4)/SU (2) S × SU (2) A × U (1) J coset generators can be written as
where m, n = 1, 2. They close into the generators of the subgroup SU (2) S ×SU (2) A ×U (1) J given in (2.58) and (C.5), which do not involve singular oscillators. Then the su(4) algebra can be rewritten in a fully SU (2) S × SU (2) A covariant form
(C. 21) where we have labeled the generators of su(2) S and su(2) A as S m ′ n ′ (m ′ , n ′ = 1, 2) and A m n , respectively:
and defined
The generators belonging to C − are given as follows: 26) and the generators in C + are given by their hermitian conjugates:
The 
D Commutation relations of deformed twistors
We should note that the deformed twistorial operators transform nonlinearly under the Lorentz group. However their bilinears that enter the generators of the SO * (8) transform covariantly with respect to the Lorentz group SU * (4). We give below some of the
